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SUMMARY 
A snectrum of loads for the F-14 Vi 
ase 


3 ing Quter Panel 
fatigue ¢ has teen derived, dased on the 
2 


spectrum used 
Dy Grumman for the Aircraft #98 tast of e F-l4A fuselage. 
Flight and xrround load distributiors on the wing have 

been develoned corresponding to chose in that test, and fhe 
Aircraft ‘98 spectrum was simplified where significant ‘fuselage 
loading conditions would have negligible effect on the wing outer 
panel. In addition, requirements for sweeping the wing under 


load have deen incorporated based on fleet operational data. 
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INTRODUCTION 


A fatigue test is planned, under ‘“laval Air Systems Command /N“AYVAIR) 
sponsorsnip, for the F-14 Wing Outer Panel, including the wing pivot ana 
the structure of the variable sweep panel outboard of the pivot. This part 
of the F-14 airframe had not been included in the Aircraft #98 fatigue test 
conducted by Grumman, and so is the remaining structure to be demonstrated 
to full service lifetime under a realistic flight-by-flight block loading. 


AIRCRAFT #98 FATIGUE TEST CONDITIONS 


The so-called Aircraft #98 Fatigue Test was conducted by Grumman under 
NAVAIR Contract beginning in 1977. The purpose of the test was to 
demonstrate the structural integrity of the fatigue-critical portions of 
the F-l4A airframe, such as the aft fuselage, under a realistic snectrum of 
loads. The original F-14A fatigue test had undergone many structural beef- 
ups and snectrum changes in mid-test, so that a re-test to a nore complete 
spectrum representative of actual service operation was required. In 
addition, nodern testing ohilosonhies such as flight-bv-fligne slock 
Loading were incorporated in the Aircraft #98 test. The test article was 
the fuselage of F-14A shop No. 98, (BUNO 159432) which had sustained damage 
in a ground accident. The fuselage was repaired and brought to current ECP 
status by Grumman. The wings were considered less fatigue-critical than 
the fuselage, and were not included in the test. 

Tt should be noted that since the wing was not included, test Loadings 
were selected based on their criticality to the fuselage. for any given 
loading condition in the spectrum, the aspects of that condition 
significant to the fuselage structure were included. Aliso, only the loads 
at the wing vivot ~ shear, moment and torsion - were needed for che 
Aircrazt #98 test; wing outer panel load distributions vere not 
constructed. 


Snectrun 


The fatizue test spectrum for the Aircraft #98 facizue test was 
described in references (a) through (c). The test was {ntended to 
demonstrate a fatigue Life of 12000 hours. Grumman develoved their 
svectrum in terns of a 480 hour block, a vapeatabdie fFlizsht-ov-rlight 
sequence with a selected wing sweep schedule. Zach 480 hour dlock 
consisted of 440 flights. Flight loads consisted of symmetric maneuvers, 
level rolls, and turn reversais (rolling maneuvers at 3.5 g or zreater). 
The svectrtum or flight maneuvers, derived in oart from the F-l4A Fleet 


flizht Loads Survey as reported in reference (d), included 1 tr2axdown into 
iva ging 3weeo cosiztions, and a total 37 LlitS aaneuvers ver 239 our 
the a4) flights, i900 included carrier takenifs “cactaoul=3> and 


- Tha ramainiang 230 ver2 fi2li landiags and field carrier 
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Table I, extracted from reference (e), lists the 378 load conditions 
that made up the aircraft #98 spectrum. The actual sequential spectrum for 
a 430 hour blocx is included in Appendix (A). This spectrum is the sone 
finally applied in the Aircraft #98 test, after some of the lower level 
loads in the original spectrum were truncated out. 


Flight Loads 


Derivation of the balanced loads for flight conditions of the aircraft 
#98 test was documented in reference (b). The contractor measured net 
loads on a flight test aircraft, extracted airloads from these net loads 
sO as to construct a rational aero model, and then used the aero model and 
known inertias to develop balanced loads. 


A symmetric maneuver load cycle consisted of a peak N, of 3.5g or 
greater followed by a valley N_ of less than 1.0g. Wing loads in svumetric 
aaneuvers were found to veak at about 3° angle of attack. At hizher a 
che additional lift was zenerated by the fuselage. Therefore, for each 
‘ging sweep angle, the neax wing load occurred at a different “| which was 
generaily lower than the naximum N_ in the spectrum. The aircfafr #93 
ZFacizue test load sequence included this peak in the increasing N_ sortion 
of the cycle. <A complete symmetric maneuver sequence was as shown below: 


1.0g + q, for > Maneuver + N_ * 1.0g 
peak wing ls peak valley 
load 


An asvemetric maneuver load cycle consisted of a symmetric N 
condition with an antisymmetric (roll acceleration) component superimposed 
in each direction seauentiallv. For a-turn reversal, which is an 
asymmetric maneuver at 3.5¢ or greater, this sequence was as shown below: 


Maneuver N_ Maneuver vt) Maneuver No - N * L.2e2 
e * < 


¥ 
~~» 
a 


+p -9 valley 


Yor level rolls, the maneuver ‘IL . +] Mo ovalleys 


associated with level roils. 
Scound Loads 


Derivation of the scalanced loads for zround conditions of the Airerazit 
708 zast vas documented in reference (c). The contractor conducted an 
2xtansive series of transient analyses and correlated ris nodel with che 
resulcs of full scale drop tests and instrumented aircraft ‘landing tests. 
Ia the final load sequence, 2ach landing vas a function of sinking speed 
ind Landing attitude and included up to four sveles of load. 
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DERIVATION OF WING OUTER PANEL TEST CONDITIONS 


The snectrum for the F-l4A Ying Outer Panel fatizue rest has een 
caerived primarily from the Aircraft #98 test spectrum. In addition, this 
test is to evaluate the effects of wing sweeping, and so provisions for 
sweeping the wing under load have been added. Since the Aircraft #98 test 
wing loads consisted of net loads at the pivot only, a set of distributions 
has been developed using theoretical aerodynamic analysis. Finally, the 
Aircraft #98 spectrum has been shortened, primarily in the ground loads 
area, by simplifying the loading conditions. 


The sign conventions used throughout this report are shown in 
Figure 1. Aircraft #98 test condition loads were derived in an unswept 
coordinate system for application to the fuselage. However, for this test 
of the Wing Outer Panel, a coordinate system that remains attached to the 
wing as it sweeps is useful. Therefore, the wing quarter chord (approxi- 
mately) line, which passes through the pivot and is at an angle of -3.5° 
the leading edge line, is used. This axis system is shown in Figure le. 


Leads for each tesce condition consist of sivrot location resultants 
shown in Table TI, with distributions that can be constructed from 
component distributions provided in various other Figures. Wing pivot 
resultants have five components; no lateral loads are included. 


flizht Loads 


Derivation of the wing pivot loads for symmetric flight conditions 
followed the procedures used by Grumman. Table III contains these 
calculations, and the resulting net pivot loads are considered identical to 
those that were applied in the Aircraft. #98 test. The values of shear, 
vending moment and torsional noment about unswept axes through the pivot 
are plotted in Figures 2 through 4 for the various sweep angles. The 
values of these loads at N_'s other than those calculated were obtained by 
Linear interpolation. “ 


n order to detarmine the discribution of the airloads over the ving 
sutar vamel, a theoratical airioads analysis was verformed using the 
RAPTDLOADS computer code, reference (fF). The aerodynamic model of the wing 
fa the 25° sweep position is shown on Figure 7. The nodel included the 

of camber, twist, dihedral, and fuselage interaction. As with 

3 Aireraft #98 csondizions, 10 naneuvering Zlans or slats vere ‘ised. 
The ilizgnc conditions for 35° sweeo were at ‘Mach ).42, .2,200 feet 
altitude. The agreement of this analysis with Grumman's Aircraft $98 data, 


Tor the iinear region up to an angle of attack 1 = 3.2°, can be seen in 
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The loads shown in Tables II and III are in the unswept axis system 
and in the wing outer panel axis system illustrated in Figures lb and lc, 
respectively. The net loads shown in Figure 9 are lecated along the ‘Ving 
Suter Panel quarter chord (Y' axit) illustrated in Figure lc, rotated into 
bending and torsion of the quarter chord (M_' and M_' respectively). This 
figure, therefore, represents a distribution in suitable format for test 
implementation. 


In order to avoid the necessity to derive individual distributions for 
each flight maneuver condition (which would also complicate the test), an 
assessment was made of the similarity of these distributions for different 
N_ and sweep values using Grumman's flight data. Aero data from reference 
(6b) was used to determine the variability of the center of pressure in the 
axis system that moves with the wing. This variability is shown in Table 
IV, and illustrated on Figure 10. Inertia load, the other component of the 
net load distribution, is of course invariant with wing sweep. Therefore, 
the variation was concluded to be small enough to justify using the same 
spanwise load distribution for all symmetric flight maneuver load 
conditions. Scaling the spanwise load distribution wiil not necessarily 
maceh the root torsion value: however, the torsion distribution of Fizure 2 
should de scaled separately to match the root value. 


In the Aircraft #98 test, asymmetric maneuver loads were made up of a 
symmetric load component, as previously derived, and an antisymmetric 
component due to rolling acceleration. Since the F-14 uses spoilers and 
differential tail for roll control instead of ailerons, the additional load 
in a roll acceleration was considered to come from inertia only. The 
distributed inertia load due to a unit roll acceleration is shown in 
Figure ll. This distribution is applicable to both level (1 g) rolls and 
turn reversals, and can be added to the symmetric load distribution. 


Sround Loads 


During landing, the wing experiences a reversed loading as it 20es 
irom an upward airload to a downward inertia load. The relationshio 
setween sinking speed and N| shown in Figure i2 was used. oie wing is 
considered to be empty of fuel and in the fully forward 20° sweep position. 
Ving veignt is 2019 ib, from reference (23). The unit distribution of 
inertia load is shown in Figure 13. While the aircraft #98 test used a 
qumber of load applications ser ianding, and a aistribdution of landing 
icticudes, for the Wing Cucer Panel test only one cycle ver landing was 
assumed, and the acceleration was taken as a function of sinking speed 
only. 
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ra 
ue Catapult conditions were also described in reference (c) and are 


‘J reoroduced here in Table YI. For catapult, the wing was considered to %e 
Fall of fuel, 2108 15s ver wing, reference (z), and at the 20° sweep 
nosition. The unit distribution of inertia load for the full fuel 
condition is shown in Figure 14. While the Aircraft #98 test used a series 
of spotting, buffing, tow and release loads to represent a catapult, just 
one load application per catapult was used for the Wing Outer Panel test. 


, ; Spectrum 
1 
A The Aircraft #98 spectrum in Appendix (A) was modified to produce the 
wn F-14 Wing Outer Panel spectrum. 
i} 
Re 
wt First, simplifications applied to the catapult, landing, and arresting 
. load conditions resulted in deleting some conditions and combining others. 
nt Then, any sequential duplications of the same load within a flight were 
NY removed. The resulting spectrum is given in Appendix (3), and is availabdle 
A, 2M computer tape. The aumber of applications of each condition in 41 4280 
ai your block is shown om Table II, along with the corresnonding number from 
“ the original ssectrum. Since an asymmetric aaneuver involves a sequence of 
conditions including a svmmetric maneuver case, “he aumber of actual 
ig aaneuvers in the spectrum is not readily apparent from Table II. Table 
shy VII, however, gives a summary of the maneuvers included in the spectrum, 
yf and the normalized total Ny, exceedance curve is plotted in Figure 15. 
an 
Pivoting 


aay. 


The amount of wing sweep movement during normal F-14A flight 
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Na  oerations was tabulated by Grumman from ?-14A Fleet Flight Loads Survev 

- ad 

‘we data. The Grumman data is included herein as Table VIZTI. [It is noted that 
oivoting From forward to aft positions usually occurs during ligntly loaded 

: ‘accelerating in level flight) conditions, while sivoting from aft to 

ba! forward positions often occurs in higher g maneuvers, when the drag siows 

o, the airolane down. 

oe P : : 

‘ it was decided, for siaplicity with no loss of segetaiaets t2 impose 
sivoting under toad only on the symmetric flight conditions. Zach time a 

at symmetric maneuver (%| = 3.59 or greater) is imposed, a a8 aivot cvcle 

wtal be imposed as legcrined | nm cela: 16. <All pivot eveles will se fo 

_ 10° except those iat... » 25° which will de for 3°. ‘ith this tes¢ 

r 2rocedure, ail ramping up or down of load wili occur with the wing 

": stationary, and the number of pivoting movements under load will 
approximate the total shown in Table VIII for ..> 53°. 
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TABLE I Description of Flight and Ground Loading Conditions, Advecake #98 
Facigue Test 
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TABLE I Description of Flight and Ground Loading 
, Fatigue Test (Continued) 
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TABLE I Description of Flight and Ground Loading Conditions, Aircraft #98 


Fatigue Test (Continued) 


UNIT NZ CONDITIONS (8AL. AT FS292 & MAIN GEAR) SWEEP=20 


Bcoceeescvsreees ac cteeresereyetsserecee eetacs 


FAT LGUE 


ees ree 


COND. 
NO. 

84 
é5 


DESCRIFTION 


(100( FUEL(16200L8S) »wt.=63430LBS 


30( FUEL( 4860L8S) .wWIl.=S2090L8S 


SPV enrewkevsrrsazareerr+ese 


+ a ome es ee 


SCHL PL PHOS SSS HS SRE CERT SS OS SLE KCIELE SHS HARARE SET TE eAs KERNAN SEE 


oe 


FATIGUE 


COND. DESIG. MACH ALT SWEEP 


NC « 
AE a-Si oe 
= Q7- Genz, 
ae Se@-o2 . 
as Ga8-C4 
99 ga-95 . 
Oo: 9e8-se . 
22 9&07 
eet PS SF ESOS 
Sis GE-oS 
95 gf&125 . 
i 3 EE _$@-11 
$7 9f-12 . 
¢2 G@-12 . 
= $3_ Stein. 
109 g9f-15 . 
101 Gfinte 
baat wo LES SE-12 
192 Geared 
er 98-15 . 
ce OSG ERH20 
106 QE-21 
107 ¢a-22 . 
103-922. 
ise Sé&-Z23 
110 3@-25 . 
Soe SN on oe SESS eG 
tic 96-27 . 
Bes 92-2: ° 
fos ge esa SS See Ss 
\ ves S2-I5 
H Ss 3 Sag e 
[ vets .7 
watt <9 
we oae eS: 


paeig te ae Kia cie Snigeraa aie Cee tae cee 
ati Avatar la aah ale eights Ie PE DEM EN te ale 


FLIGHT CONDITIONS (wT .=S56950 LBS) 


RASSPseES See ses SIA SSE SBM KH EHese sl see es WSO BM eETPTzaceasvseseaxnesessinsiter 


NY 


(FT) (OCG) 


€20 25509 25 -- 
£22 1¢c¢c¢ 25 ‘Se 
feo. Toeee +25 -~ 
cas, hocoe “2s -- 
ees i¢tss 2s -- 
Sec Voces ws -- 
eee Locgs -25 -- 
éeG- Vessu 25 -- 
Tee-leels “25 -~ 
Tee ASGCe: “25 -- 
tee “CSIe-.25 -- 
Peo HeCse «55 -~ 
Tle. YeCse-( 25 -~ 
Ten Stes 9 Se -- 
Res. hecsc< “SS -- 
722 <ECSs 345 -- 
TSE LCCoS . 4S -~ 
722 10¢52 .4$ -- 
Tee recess == 
TES; 1OCIo eS -~ 
Bes: Leese “25. —— 
é€€@ 10009 55 -- 
S62 00Cs, “55 -- 
2642 10053 £5 -~ 
eés yecos <€5 -- 
aes 1eccs Ss -- 
wre TOCOS~ 968 -~ 
ene Teese GS -~ 
o7S. 12350. -64 -~ 
G26 Pecos See -- 
a7S 2855.62 -- 


"> Dee 


ie 
CS 


: 


e 
a th 

#3) 

20 


t 
QNO GW 
na ae & 6 
2 ie Siw a 
wh Ga @ 


wo OW fp 
ee 8 @ @ 


‘ 
an 
Fe a 
“OW Ooo WwW 


ole wv 


s 
NN We Of Matt ~~ 19d Oo UW 


NVM ~~ ON OUM~YY 


oho 


te 
295 
CL) 
(33 
-2.250 
S.068 
8.073 
Ge 399 
(2) 
_ 2a 
-2.2523 
60375 
3.029 
ce 
ve 


Sat ata tet att aM tata Ee 
er he eae shat tatet Detar 


’ 
t 


-e 1) Wu 


= 


NU Yb & TH MH iH 


YR MEH WH & BB IAM 


Us Ud Jeo 


Us 
os 
x 
» 


}- 


a 


. a eg vor is .' he a” *. Mawar 


™ 


Vey varie we 


bes see, 


CNS 5% ey 


‘s 


sine 


“yw 
eae 


oy ey Ate fl 


“> 


“t 
Ne 

. 

™ 
wis! ; 


rr 


TABLE I Description of Flight and Ground Loading Conditions, Aircraft #98 
Fatigue Test (Continued) 
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Origin at Wing Pivot Axis 
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NOTE: Appendices (A) and (B) contain a flight-by-flight random sequence of my 
load levels for 440 flights (480 hours). All printout lines (records) 
have the same format, which is described below: 
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10-49 2013 These numbers identify the load conditions to 
de applied to the test article. 
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